Authorship is the currency of an academic career for which the number of papers researchers publish demonstrates creativity, productivity, and impact.
The scientific process requires ingenuity and individuals that contribute creativity to 2 answering the research question merit authorship [1, 2] . However authorship lists 3 continue to climb [3, 4] despite the widespread dissemination of guidelines to dissuade 4 ambiguous attribution [5, 6] : 5 to 10 individuals co-author work in 2013 that had only 2 5 to 3 in 1993 [7] . The International Committee of Medical Journal Editors (ICMJE) and 6 other organizations [8, 9] published a list of criteria for authorship requiring authors to: authorship, although these contributions may be acknowledged in the 23 manuscript, as described below. It is dishonest to include authors only 24 because of their reputation, position of authority, or friendship (guest 25 authorship). 26 Whereas the IJCME require all authors to be familiar with all aspects of the work and 27 capable of identifying who did what, the WAME criteria recognize that a biostatistician 28 contributes complementary expertise and may be incapable of defending all the clinical 29 aspects of the work. Harvard Medical School adapt these criteria and insist that 30 specialized personnel be included even when their contribution is limited in scope. One 31 individual of the team takes responsibility for the document and keeps a record of how 32 everyone contributed [12] , like the WAME guarantor or the corresponding author (CA) 33 for the ICMJE. 34 The National Institutes of Health (NIH) expanded the ICMJE criteria and defined 35 15 activities related to publishing research [4, 23] . They discourage honorary authorship 36 and recommend: excluding individuals that train/educate, provide resources, or 37 read/comment the manuscript; always including researchers that draft the manuscript 38 or perform original experimental work; and include individuals that participate in the 39 other activities depending on their implication. Earlier critiques of the ICMJE 40 guidelines alleged that they created orphan papers in which nobody met all 4 criteria 41 and thus no one was eligible to be considered as an author [24] but this oversight has 42 been corrected. 43 Authorship criteria ain to reduce unethical practices-coercive authors, honorary 44 authorship, guest authorship, gift authorship and ghost authorship. A cross-sectional 45 survey of corresponding authors publishing in 6 high impact biomedical journals 46 confirmed the guidelines reduced ambiguous authorship from 29 % in 1996 to 21 % in 47 2008 but it was mostly due to reducing ghost authorship [5] . The survey identified 17 48 functions related to developing an article and asked how many co-authors contributed 49 to only one, which would make them ineligible for authorship according to ICMJE [13] . 50 Compliance to these criteria in ecological research is much lower [14] where 78 % of the 51 studies had at least one co-author that failed to meet ICMJE guidelines. Another study 52 showed that in the top 1 % of the highest cited articles across 22 Web of Science Core thousands of researchers working as a group. Experimental high energy physics articles 66 approach 3000 individuals routinely [18, 19] and the record for the most authors is 67 5154 [20] . One quarter of the top 500 cited articles in nuclear physics averaged 1160 68 authors (WoS, 2010 to 2015) [21] . Author counts biomedical journals are not so high 69 but 19 of the 244 articles Lancet publsihed in2017 had more than 40 authors, 10 had 70 more than 480 authors, and one had 1039 [22] .
71
Materials and methods 72 We expanded the NIH authorship activity list to include 25 research tasks and 73 developed a questionnaire to gauge the practices of researchers across all scientific 74 endeavors. We first developed the survey in Excel for a conference and refined the 75 questions after feedback from students and colleagues [26] . In the following three 76 months, we sent emails with a link to a our refined questionnaire with the 77 MonkeySurvey platform to students and staff at Polytechnique Montréal, colleagues 78 from other institutes, and companies. We then posted the link on Facebook and 79 LinkedIn. Approximately 400 people responded, most of whom worked in chemical 80 sciences in Iran, Canada, and Italy. Half of these respondents were senior 81 professionals/professors and the rest were graduate students, researchers with less than 82 5 years experience, and business people. Our next mailing list included researchers in 83 various scientific fields from 15 institutes in the United States, Great Britain, France,
84
Germany, Singapore, and Japan. Approximately 60 individuals completed the survey: 85 30 in the first mailing and another 30 after a reminder. 86 We revised the questionnaire a final time stating that N/A (not applicable) was the 87 same as not responding. In October 2017 we sent emails to corresponding authors of the 88 top 500 cited articles from 2010 to 2014 in 235 WoS categories [21] . The email 89 mentioned the title of the CA's paper, its rank within the scientific category, and the 90 total number of papers in the category. It stated that the survey took 5 minutes to 91 complete, had 5 categories with 5 questions each. Approximately 84 000 researchers 92 received the email and 3500 responded while 30 000 were returend undelivered.
93
A follow-up email included a link to bibliometric data of the 500 top cited articles in 94 the CA's scientific category. A further 3000 researchers attempted the survey at a 95 completion rate of 91 %. The overall response rate was almost 10 %, which is less than 96 half of the respondents in an earlier study related to contribution statements [25] .
97
The five groups of questions resemble the classes of activities in journal contribution 98 statements-supervision (conception), design (materials), execution, data reduction 99 (analysis), and writing [25] with five activities per category. For each activity, 100 respondents were to choose one of five options that corresponded to how often they 101 thought it merited authorship (rather than how they thought others did it). We This scoring scheme resembles a statistical distribution where ω 2 = 2 represents the 109 mean; ω 4 = 4 represents the 95 % confidence level and is 2 σ greater than the mean;
110 ω 0 = 0 is at the 5 % confidence level so it is 2 σ less than the mean; and finally, ω 3 111 loosely represents 1 σ greater than the mean and ω 1 represents 1 σ less than the mean. 112 The mean score of activity i,s i , corresponds to the quotient of the sum of the The questions remained succinct so as not to unduly influence the respondents and 169 to minimize the time to do the survey. The mean response time was 5 minutes with a 170 median of 4 minutes (Fig 1) . Some commented that the questions were vague and thus 171 open to interpretation but the email included references to an earlier study [4] with the 172 NIH classification [23] and our contact information. Many referred to the article, few 173 called, but we responded to 1000 messages. We retained 5781 responses of 6604 researchers that participated in the survey. We 175 rejected responses that took less than one-minute to complete and those with a 176 standard deviation equal to zero, which means all questions had the same response. We 177 examined responses for which S j > 90 and S j < 10 and elminated those whose while for the entire data set they were 19 and 51.8.
182
Together with 25 questions related to research activities, we collected biographical 183 data: seniority, country of birth, work place, and and research discipline. Most of the respondents had a least 5 years of professional experience (5129), followed 190 by early career professionals with less than 5 years (467). Few students participated in 191 the study (180 with more than 2 years and 83 with less than 2 years) and even fewer in 192 management (53).
193
Q27 What is your country of birth? non-governemental agencies and museums (20) .
209
Q29 What is your research discipline?
210
Over 1000 individuals cited multiple research disciplines like chemistry and physics, 211 or behavioural neuroscience and psychology. Others referred to topics like molecular 212 evolution, ultrasound, biomedical, and bone rather than specifying a category. We 213 consolidated the answers and assigned each response to one of 22 scientific categories 214 following closely the classification of Clarivate Analytics Science Watch [27] (Table 1) . 215 A total of 5363 reponded to this question but over 1000 included multiple responses so 216 the total was 6703.
217
The lowest numbers of respondents were in literature (36), philosophy (38), 218 mathematics (76), and statistics (76). Researchers in the humanities, mathematics, 219 theoretical physics, and economics stated that most of the questions did not apply to 220 them. Individuals in biology, medicine, engineering, and chemistry responded with the 221 highest frequency, which corresponds to the most categories in WoS (Table 1) .
222

Results
223
Most CAs agreed to assign authorship to those that drafted the manuscript (s 21 = 3.7), 224 interpreted data (s 20 = 3.6), and analyzed data (s 19 = 3.3), which agrees with the 225 ICMJE criteria (Fig 3) . However, unlike the ICMJE, they attributed authorship to . Execute (sample management) and design (including operation) were the 229 least valued categories, but even so, thousands of people thought that activities in these 230 categories always merited authorship.
231
Researchers were most ambivalent about supervision: with a score of 2.1: more that 232 one thousand thought these activities almost always merit authorship and about the 233 same thought they almost never merit authorship. Proposing ideas scored 2.8 (s 4 ), 234 ranking it fourth among the 25 activities, while providing resources scored poorly at 1.7 235 (s 5 ). Even so, one third of the respondents indicated that providing resources merits 236 authorship almost always or usually. The responses ranged from almost always to almost never for most activities 238 independent of the scientific category, even for people in the same region, and same 239 level of experience. However, to identify differenece in general tendencies, we calculated 240 mean scores according to category (Fig 4) . The standard deviation between category 241 and means were highest for drafting the document and analyzing data. Scores diverged 242 substantially for the other activities, although the trends were similar. The lowest 243 repsonse rates were from philosophy and literature and they also had the lowest scores 244 across most questions: they were most unlikely to grant authorship for anything other 245 than writing and analysis. Researchers in materials sciences were more likely to grant 246 authorship for other activities. 247 We grouped the categories into four broad fields-pure and applied sciences, natural 248 science, humanities, and philosophy, law, and political science ( Fig 5) . The average 249 score for the pure and applied sciences wasS = 59 and it was lowest for philosophy, 250 political science atS = 41. Differences between pure and applied sciences and natural 251 sciences (S = 54) were about the same as that between natural sciences and humanities 252 (S = 48). The size and scope of collaborative teams in the humanities is much lower 253 than in pure and applied and natural sciences, which accounts for some of the difference 254 in the scores [21] . 255 To test whether opinions varied according to experience and birth country, we only 256 considered pure and applied and natural sciences (column 1 of Table 1 ). We ordered 257 aggregate scores from each question,s i from the lowest to the highest (Fig 6) . Responses 258 of professionals with less than 5 years of experience and those with more than 5 years 259 were highly correlated (R 2 = 0.985). Graduate students (predominantly Master's) had 260
Mean scores,s j , according to scientific category. We grouped 5363 respondents according to the Clarivate Analytics science category definitions [27] and then calculated a mean score per category based on the total number of respondents in each category, N j :s i = Σ k ω j,k /N i . the second highest correlation with the professionals (R 2 = 0.95). Graduate students 261 with more than 2 years of experience viewed the contributions from each of the activities 262 more favourably, while business people were less inclined to grant authorship to most of 263 the activities. For all groups, the highest three and lowest three ranked activities were 264 the same. Most thought that preparing a grant proposal would often merit authorship 265 while business people thought that it would warrant authorship only sometimes. To test tendencies based on linguistic and regional circumstances, we initially and Cypriots resembled the hispanophones more than the rest of Europe, so we grouped 275 them together and labelled them Latin (although Greek is not a Latin language).
276
Northern Europe we labelled Germanic even though Finnish is not Germanic. We also 277 labelled former Eastern European countries Slavic although Hungary, Romanian, and 278 some of the Soviet Bloc states speak other languages. Because the sub-Saharan Africa 279 group only had 22 individuals, we combined it with the Middle East and North Africa 280 (MEA). We could have grouped these nations with anglophones as most are part of the 281 Commonwealth. Based on the original t-test, Iran belonged with South Asia but with 282 the expanded MEA grouping, it belongs to either South Asia or MEA, so we regrouped 283 Iran with the latter.
284
The sample size for answers to countries was 5669 (Fig 7) . Americans responded 285 most and the anglophone group hsd twice as many respondents as the latin and 286 germanic groups. Germany followed by the Netherlands headed the germanic group and 287 the next 5 countries each had at least 50 respondents. The distribution for number of 288 respondents per country for the latin group was similar with Italy heading it followed by 289 France and Spain. The other regions had a similar representation that varied from 242 290 (South Asia) to 385 (Far East Asia). The differences between regions were much less than the differences between 292 categories (Fig 8) and so birth place is an inconsequential contributor to the huge According to a t-test of the means, the responses from Israel were indistinguishable from 300 the Germanic region. The responses from the Slavic group were much like the Latin 301 group atS j = 59. Correcting grammar is among the least valued activities but FEA and 302 MEA researchers rank it close to a full point higher than researchers from other regions. 303
Discussion
304
For almost every category, opinions range between the two extremes ( Fig 3) : as many 305 people think that they should rarely ever merit authorship as those that think is should 306 almost always merit it. Describing the data statistically and comparing responses across 307 fields, countries, and profession identifies trends but the large variance show how 308 divergent opinions are. Even within the same discipline, same region, and same level of 309 experience, responses extended from one extreme to the other. These data demonstrate 310 that the top cited authors disregard the ICJME critera, but how about the medical original work. As soon as work is recorded (written), publicly or privately, it is covered 335 by copyright, which raises questions regarding how to acknowledge professional writers, 336 particularly those with subject specific knowledge that correct and edit not only text but also improve scientific content [31] . Excluding creators of original work constitutes 338 copyright infringement, regardless of how few points they have accrued. Copyright does 339 not protect ideas but copying an idea, data (interpretation), methodologies could be 340 plagiarism. The system of points is appropriate to assign author order but other 341 considerations may trump it for attributing authorship.
342
Conclusion 343
Researchers publish to build a reputation that universities and companies examine to 344 hire and promote. Consequently, authorship lists are growing, so journals require 345 everyone to disclose their contribution to ensure equitable recognition-authorship or 346 acknowledgment. However, articles continue to include individuals with a modicum of 347 intellectual involvement [32] . Our survey demonstrates that people value activities 348 beyond writing and analysing data but the opinions are polarized: As many researchers 349 credit activities like supervision almost always as those that almost never, even people 350 in the same field and country. Pure and applied scientists grant authorship outside the 351 ICMJE guidelines more compared to those in the humanities. This prevalence is related 352 to large collaborations and the importance of building social relationships. The 
